A digoxigenin-labeled DNA probe that was complementary to the gene ptsH and the beginning of the gene ptsI was used to clone a 3.2-kb HincII-BamHI restriction fragment containing the complete ptsI gene of Staphylococcus carnosus. The restriction fragment was cloned in the antisense orientation to the lac promoter in the low-copy-number vector pSU18. The nucleotide sequences of the ptsI gene, which encodes enzyme I (EC 2.7.3.9), and the corresponding flanking regions were determined. The primary translation product, derived from the nucleotide sequence, consists of 574 amino acids and has a calculated molecular weight of 63,369. Amino acid sequence comparison showed 47% similarity to enzyme I of Escherichia coli and 37% similarity to the enzyme I domain of the multiphosphoryl transfer protein of Rhodobacter capsulatus. The 
Enzyme I (El), a protein kinase, catalyzes the phosphoryl transfer from phosphoenolpyruvate (PEP) to the histidinecontaining protein HPr. In the absence of the phosphocarrier protein HPr, a phospho-EI that is phosphorylated at the N-3 of a histidinyl residue is an intermediate step (26) . This is the first reaction step in the PEP:sugar phosphotransferase system, which is an important carbohydrate transport system in gram-negative and gram-positive bacteria (for reviews, see references 20 and 21). Phospho-HPr serves as a phosphoryl group distributor to a number of different sugarspecific enzyme III-enzyme II complexes. Finally, phosphoenzyme II catalyzes the membrane translocation of a sugar molecule by vectorial phosphorylation.
The PEP:sugar phosphotransferase system can be described by the following two reaction steps: PEP + HPr enzyme I-Mg2+ phospho-HPr + pyruvate and phospho-HPr + sugar enzyme III-enzyme II cmplex phospho-sugarin + HPr. In Escherichia coli, El mutants show pleiotropic effects that confirm not only the unique role of El in the transport of a number of sugars but also its roles in the regulation of other transport systems and chemotaxis (20) .
In the present paper we report the cloning strategy and DNA sequence analysis of the structural gene for El and the flanking segments from the gram-positive bacterium Staphylococcus carnosus. Only the ptsI gene of E. coli has been completely cloned and sequenced (5, 22) ; the monomeric protein consists of 575 amino acids and has a molecular weight of 63,489. Additionally, sequence data from the Rhodobacter capsulatus EI domain of multiphosphoryl transfer protein, which is similar to the E. coli EI, are available (31 (Fig. 1) .
De Reuse and Danchin (5) had reported that the overexpression of E. coli EI by a high-copy-number plasmid had a toxic effect on the E. coli host. Therefore we decided to use the low-copy-number plasmid pSU and to clone a restriction fragment that was likely to contain the completeptsI gene in an antisense orientation to the lac promoter in the plasmid. A seemingly appropriate 3.2-kb HincII-BamHI restriction fragment, ptsISc3.2B, was identified by Southern hybridization analysis of the genomic S. carnosus DNA.
Subcloning, restriction mapping, and sequencing. For sequencing the complete 3.2-kb HincII-BamHI restriction fragment, all clones illustrated in Fig. 1 into M13 plasmids. The other clones (shown in Fig. 1 as double arrows) were produced by overlapping unidirectional deletions and sequenced as double-stranded pUC DNA.
A 2.6-kb HincII-XbaI restriction fragment, ptsISc2.6X, was subcloned in the sense orientation downstream of the lac promoter in plasmids pUC19 and pSU19 and used for the complementation studies.
Sequence of ptsI. The DNA sequence of the 3,166-bp HincII-BamHI restriction fragment is given in Fig. 2 (Fig. 3) . The active-site histidine residue (amino acid 191), which accepts the phosphoryl group from PEP, was tentatively identified by comparison with the sequence of the peptide containing the active-site histidine residue of Streptococcus faecalis EI (1) .
Fourteen bases downstream of the UAG stop codon of the ptsI gene is the beginning of a strong stem-loop sequence ( Fig. 2) (5, 22) .
In vivo complementation. E. coli JLT2 was transformed with plasmid pUC19-ptsISc2.6X or pSU19-ptsISc2.6X and plated on McConkey-glucose agar containing ampicillin or chloramphenicol. For controls, E. coli JLT2 and HB101 were transformed with plasmid pUC19 or pSU19 and similarily treated. The positive control E. coli HB101, which is able to metabolize pts sugars, gave deep red colonies on the McConkey plates after overnight growth at 37°C. On the other hand, E. coli JLT2 (which lacks a functional El) transformed with the plasmid pUC19 or pSU19 formed yellow-white colonies, because it was not able to take uppts sugars. This deficiency could be complemented by transforming E. coli JLT2 with the plasmid pUC19-ptsISc2.6X or pSU19-ptsISc2.6X; these transformants grew as red colonies on the McConkey-glucose or -fructose plates. However, the red coloring of the colonies was not of the same intensity as that with E. coli HB101. Nevertheless, we could show that it is possible to obtain in vivo complementation of a ptsI mutant of E. coli by aptsI gene of a gram-positive bacterium; similar results were observed by Gonzy-Treboul and Steinmetz (10) .
Generation times. We wanted to make a quantitative statement concerning the complementation effect, so we investigated the generation times as described in Materials and Methods. E. coli HB101 and JLT2 were transformed with pUC19, pUC19-ptsISc2.6X, pUC19-bglB, pSU19, pSU19-ptsISc2.6X, or pSU19-bglB (Table 1) . Comparison of the generation times of cells transformed with the plasmid pUC19 or pSU19 showed slower growth in the cells containing the low-copy-number plasmid pSU19. In minimal medium the generation time is related not only to different plasmid copy numbers but also to the inhibitory effects of chloramphenicol and the chloramphenicol acetyltransferase resistance mechanism.
The bglB gene is a part of the bgl operon of E. coli and codes for the 6-phospho-,-glucosidase B (24) . This clone was chosen as a control plasmid for several reasons: it has a molecular weight of about 50,000, similar to that of EI; it is not a sugar permease; and it has no toxic effect on the host when overexpressed (15 Vadeboncoeur measured a Km of 27 p,M for another homologous system (Streptococcus salivarius and HPr) (30) , which almost corresponds to our result. However, in vivo E. coli JLT2 can be complemented properly because overexpression of the ptsI gene of S. carnosus in the host cells results in a higher concentration of EI.
DISCUSSION
In this paper we report the cloning and the DNA sequence determination of a 3,166-bp HincII-BamHI restriction fragment that contains the complete ptsl gene of S. carnosus. Furthermore we investigated the expression of this fragment in E. coli JLT2 (a ptsI mutant) and the possibility of complementation.
Evidence for cloning the functional equivalent of EI is given by the following results. (i) The cloned gene is located downstream of theptsH gene, and these two genes are likely to form an operon. This gene organization is typical of the pts operons of gram-positive and gram-negative bacteria (11, 22) . (ii) The primary amino acid sequence of the open reading frame, deduced from the nucleotide sequence, showed 47% similarity to that of the EI of E. coli. In addition, the consensus sequence of the active-site histidine Although transcription of both genes may therefore originate from a common promoter located upstream ofptsH, the intracellular concentrations of HPr and EI differ by a ratio of 10:1 (18, 28) . The mechanism by which El expression is attenuated has not yet been revealed. Two possible regulation mechanisms for the lower expression of EI can be suggested. First, the ptsI gene possesses a putative ribosome-binding site (AAGGAnnnnnnnnnnnnnATG) with an affinity to the 3' region of the 16S rRNA of Staphylococcus aureus (UUUCCUCC) (6) that is lower than that of the more optimized ribosome-binding site of the ptsH gene (AAG GAGnnnnnnnnnnATG). Second, we found two stem-loop structures at the beginning of the ptsI coding sequence (underlined in the ptsl DNA sequence Fig. 2 (19) . Within the ptsI genes of E. coli and B. subtilis a stem-loop structure was also found (11, 22) , which leads us to suggest that this structure could be a regulatory element for transcription attenuation that is common to all EIs.
In vivo and in vitro complementation studies. The complementation studies led to the following discoveries. Although S. camosus El interacts poorly with E. coli HPr in vitro, as shown by the phosphorylation kinetics, the ptsI gene of S. camnosus is able to complement theptsI mutant E. ccli JLT2. It is important to point out that E. coli JLT2 can only be transformed with a very low efficiency and is recommended for the cloning of different ptsI genes via complementation. The S. camosus EI seems to be nontoxic to an E. coli host during expression. In contrast, during overexpression under minimal conditions, an E. coli host containing the ptsI gene of S. camnosus on a plasmid grew significantly faster than did a strain transformed with the nontoxic bgl gene (Table 1) . However, this result provokes the question of why El expression is held at such a low rate (the intracellular HPr/EI ratio is 10:1). It is possible that EI plays an important but unknown role in the regulation of the bacterial metabolism. The corresponding functions remain to be elucidated.
